study question: Are there differences between clinics in the chances of natural conception of couples? summary answer: We found significant differences between clinics in the couples' natural conception chances, which could not be explained by differences in characteristics of the patients or the clinics.
Introduction
IVF is one of the most well-known fertility treatments worldwide. Since the birth of the first IVF baby in 1978, gynecologists have used this technique to aid couples to achieve a healthy child, but since fertility treatments carry many risks and can be very costly, the question is whether all couples should receive immediate treatment.
Studies have shown that a tailored expectant management can be beneficial for certain couples whose chances of natural conception are deemed high (van der Steeg et al., 2007; Brandes et al., 2010 Brandes et al., , 2011 . Thus, it is important to distinguish between couples with low chances of conceiving naturally, who may benefit from early treatment and couples with good fertility prospects in whom tailored expectant management should be implemented (van den Boogaard et al., 2011) .
Several prediction models have been developed since 1994 that aim to predict couples' chances of natural conception within 1 year after unprotected intercourse (Comhaire, 1987; Eimers et al., 1994; Wichmann et al., 1994; Collins et al., 1995; Snick et al., 1997) . To increase the performance of these models a synthesis model, based on previous prediction models of Eimers, Snick and Collins, was developed in 2004 (Hunault et al., 2004) . The synthesis model includes six prognostic variables: female age, duration of subfertility, primary/secondary subfertility based on the female partner's history, percentage motile progressive sperm, referral status and post-coital test. External validation showed a good performance in the general subfertile population (van der Steeg et al., 2007) . The validation was performed in a multicenter setting and it may well be that couples from different clinics have different natural conception chances, even if the inclusion criteria were similar between clinics. Therefore, we aimed to determine whether inter-clinic differences in couples' natural conception chances indeed do occur and if so, whether this variability can be explained by differences in the distribution of patient and/or clinic characteristics. The validity of the synthesis model for individual clinics is also addressed here.
Materials and Methods

Couples
We used data from a previously reported prospective cohort study among subfertile couples recruited in 38 clinics in the Netherlands (van der Steeg et al., 2007) . For our analyses data on 3020 couples were available; one case could not be retrieved. We excluded clinics that had recruited less than 20 couples to avoid the occurrence of zero cells in survival analysis (i.e. no pregnancy in a clinic). As a result, 21 out of 38 clinics remained in the study with 2916 couples.
The study design, subjects and methods of measurements have been described in detail previously (van der Steeg et al., 2007). In short, subfertile couples were included in a prospective cohort study between January 2002 and December 2004. All couples underwent a basic fertility work-up, which included a fertility history, semen analysis, post-coital test, evaluation of ovulation and tubal pathology. Couples were counselled for expectant management by receiving information on their pregnancy chances according to the synthesis model.
Only couples referred by a general practitioner or who independently sought treatment were included in the study. Women diagnosed with an ovulation disorder, assessed by basal body temperature (BBT) chart, mid-luteal serum progesterone or ultrasound monitoring of the cycle were excluded from this study.
Women with one-or two-sided tubal pathology [assessed by using a Chlamydia Antibody Test (CAT), hysterosalpingography (HSG) or laparoscopy] were also excluded from the study. All men underwent at least one semen analysis and if the total motile sperm count (TMC) was found to be lower than 3 × 10 6 ml, the couple was excluded from the study.
The duration of subfertility was defined as the time between the active wish to have children and the completion of the fertility work-up. Female age was determined at the completion of the fertility work-up. If there had been conception in either the current or a previous relationship of the female partner, this was deemed to be secondary subfertility. The postcoital test was performed at least once in the study and was considered normal if a minimum of one progressively motile spermatozoon was seen.
Couples were followed from the completion of the fertility work-up. The primary outcome of interest was the time to ongoing pregnancy. Pregnancy was determined by transvaginal sonography at 12 weeks. If a couple opted for treatment within 12 months after the start of the study, they were censored at the start of the treatment. Couples lost to follow-up before the primary outcome were also censored on the last date of contact. Follow-up was continued if the pregnancy was unsuccessful (i.e. miscarriage).
Analysis
To assess the differences in couples' natural conception chances between the fertility clinics, we drew Kaplan -Meier survival curves to estimate the time to ongoing pregnancy in each clinic (as a continuous variable). The log-rank test was used to assess whether differences in time to ongoing pregnancy between clinics were statistically significant. We next performed a univariable analysis using Cox proportional hazards regression to calculate the hazard ratio of ongoing pregnancy with clinic (a categorical variable) as the sole predictor. The hazard ratios of the clinics were defined relative to the average of the clinics using classical sum contrasts.
If there were significant differences between the clinics, we aimed to explain this variability by evaluating the distribution of patient characteristics (i.e. prognostic factors of the synthesis model) and the type of clinic. We studied the distribution of the predictor variables between the clinics, i.e. female age (in years), duration of subfertility (in years), percentage of progressive motile sperm, primary/secondary subfertility and post-coital test (Hunault et al., 2004) . ANOVA and x 2 tests were used to test for significant differences between clinics. A multivariable Cox regression was then fitted to obtain adjusted hazard ratios for the clinic variable, controlled for the predictor variables in the synthesis model. The likelihood ratio statistic (LR) was used to assess the statistical significance between clinic differences after adjusting for the aforementioned predictor variables. We used an empirical Bayes (EB) method based on a random effects model to give a better estimate of the hazard ratios. The EB adjustment method compensates for randomness in estimates arising from small sample sizes for some clinics (Bagnardi et al., 2006) . In survival analysis, random effects models are also known as frailty models (Vaupel et al., 1979; Hougaard, 2001) .
We assessed possible differences between clinics and their available fertility treatments by categorizing the clinics into three groups: university hospitals with an assisted conception unit (ACU), non-university hospitals with an ACU and non-university hospitals without an ACU. Here again we used an EB method to ascertain more precise hazard ratios.
To evaluate the validity of the synthesis, prediction model in each individual clinic, calibration of 1-years predicted pregnancy chances were determined by a linear model relating predicted chances to estimated Kaplan -Meier chances in subgroups defined by quintiles of the predicted chances in each clinic, using the complementary loglog transformation (van Houwelingen, 2000; Coppus et al., 2009 ). This is seen as an efficient way to perform validation by calibration in survival data. The model is well calibrated if the intercept (i.e. intercept given that the slope is set to 1) is zero and the slope is one (Steyerberg, 2009) . To compensate for the small sample sizes per clinic we used a random effects model (also known as a linear mixed model) version to determine the variation of the intercept and slope between clinics.
Missing data on the predictors were statistically imputed (van der Steeg et al., 2007) , using the first step of the aRegImpute multiple imputation function in Splus 6.0. We considered P-values ,0.05 as statistically significant; all tests were two-sided. The data were analysed using IBM SPSS statistics for windows version 19.0 (Armonk, NY, USA) or R for Windows (Version 2.13.0; R Foundation for Statistical Computing, Vienna, Austria).
Ethical approval
Ethical approval was obtained from the local ethics committee in each center (van der Steeg et al., 2007) .
Results
Survival curves and univariable analysis
Kaplan -Meier survival curves of the 21 clinics were drawn, depicting the probability of an ongoing pregnancy for 2916 couples from the time the study started to 1 year of follow-up (Fig. 1) . After 1 year, the highest probability of ongoing pregnancy (based on the KaplanMeier estimate) was 0.44 and the lowest was 0.08 (Table I ). The log-rank test statistic for these differences in the probability of ongoing pregnancy indicated statistical significance (P , 0.001). The univariable Cox proportional hazards regression analysis confirmed that the time to ongoing pregnancy differed significantly between the clinics (P , 0.001).
Characteristics of the couples and clinics
There were statistically significant differences between clinics in the distribution of patient characteristics (Table II, 
Multivariable analysis
The adjusted hazard ratios comparing each clinic with the average of all clinics, obtained by adjusting for differences in the female age, duration of subfertility, primary/secondary subfertility, post-coital test and sperm motility also indicated significant differences between clinics (P , 0.001).
The crude, adjusted and EB shrunken relative hazard ratios for the clinics along with their 95% confidence intervals are depicted in Fig. 2 . The unadjusted hazard ratios were between 0.45 and 1.99, while the adjusted hazard ratios were between 0.50 and 2.21. EB estimates of the hazard ratios ranged from 0.58 to 1.53.
In the multivariable analysis, the type of clinic was not significant (P ¼ 0.11), with the largest difference occurring between hospitals without an ACU and university hospitals, HR ¼ 1.14, 95% CI: 0.88 -1.48). The EB estimates of the hazard ratios after adjustment for patient characteristics and type of clinic ranged from 0.62 to 1.60.
Validation per clinic
The calibration of the model for each clinic in terms of the intercept and slope are depicted in Fig. 3 . In the linear mixed model, the average intercept was 20.25 with a 95% interval for the variation between clinics of 21.04 to 0.53 and the average slope was 0.81 with a 95% interval of 0.03-1.60. Six clinics had a negative intercept Inter-clinic variation in the chances that differed significantly from zero and three clinics had a negative or positive slope that differed significantly from one.
Discussion
In this prospective cohort of 2916 subfertile couples who were advised expectant management or who were awaiting treatment, we found significant differences between clinics in the natural conception chances of couples, which remained after adjustment for patient characteristics and type of clinic and accounting for sampling variation. The EB adjusted hazard ratios for ongoing pregnancy gave estimates that ranged from 0.58 to 1.53. Applying a prediction model for natural conception (i.e. synthesis model) to each individual center showed that the model is well calibrated, apart from a few clinics whose intercept and slope differed significantly from the ideal model.
The strength of this study is that we used a large cohort of subfertile couples receiving expectant management and who were awaiting treatment, and as such had a population consisting of couples with low and high natural conception chances. Furthermore, we used the EB method to shrink estimates of the hazard ratios towards the population mean, accounting for outliers due to small numbers of couples in some clinics: clinic-specific pregnancy chances far above or below the average may be so extreme due to chance in clinics with few patients.
It is therefore likely that their true probability as estimated by the EB method will be closer to the average. Indeed, this gave smaller differences, but the hazard ratios still ranged from 0.58 to 1.53, showing that there are still substantial unexplained differences in the outcome between fertility clinics.
Also we excluded clinics with less than 20 couples to avoid having no pregnancies in a clinic, a requirement for use of survival analysis. It could be argued that a larger/smaller number should have been used, but analyses with cut-offs at 10 or 30 couples per clinic did not markedly change the results.
We initially expected that referral pattern might play a role in explaining these differences. In the Netherlands there are strict rules for referral of subfertile couples to non-university hospitals before referral to university hospitals, as university hospitals can be seen as centers of excellence for certain fertility disorders. Therefore, couples with lower natural conception chances might have been referred immediately to university hospitals instead of non-university hospitals. Yet we found that the type of clinic did not play a significant role in explaining the inter-clinic differences for this study.
Another possible explanation for the significant differences in the natural conception chances between clinics could be variation in the work-up protocol. The assessment of semen parameters, ovulation and tubal patency can be determined in different ways and in this study the clinics employed different methods for assessing these characteristics. The experience and performance of the practitioner and the diagnostic technique used may have varied across the clinics resulting in variation in the couples selected as having tubal pathology, ovulation disorders or low semen parameters. Misdiagnosis in clinics that used the post-coital test may have created unobserved heterogeneity, also partly explaining the differences in natural conception chances of couples between the clinics.
It is also possible that other factors, not included in this analysis, might reduce the differences seen between the clinics. Yet as the factors included in the synthesis model are the strongest predictors of natural conception (Hunault et al., 2004) , these factors seem most relevant to adjust for when assessing differences between fertility clinics and the chances of natural conception.
A methodological explanation for the differences between clinics is the use of an incorrect statistical model. In the present study we used a Cox proportional hazards regression model for our analysis, as most fertility prediction research (Hunault et al., 2004; van der Steeg et al., 2007) makes use of this regression model. A key assumption for the use of the Cox proportional hazards regression model is noninformative censoring, i.e. censoring is not related to the outcome. In our case it is not unreasonable to argue that couples who are awaiting treatment, and as such will be censored at a given time, might have a lower chance of natural conception. If so, the assumptions of the model are violated and it would be incorrect to use this regression model.
Calibration is the preferred method, over discrimination, to determine the validation of a prediction model based on survival data (Mol et al., 2005; Coppus et al., 2009) due to the dependence of discrimination on the distribution of patient characteristics. In a perfectly calibrated model the intercept is zero and the slope is one where the intercept reflects the difference between predicted and observed, and the slope relates to the effects of the predictors (Steyerberg, 2009) . In this present study six clinics had a negative intercept, which differed significantly from zero. These clinics might have lower chances of natural conception at baseline than predicted and as such the synthesis model will systematically have overestimated the pregnancy chances. Three clinics had a statistically significant higher or lower slope; which could be due to chance, as with an alpha of 0.05, there is an 8% chance that at least three clinics will differ significantly from the ideal slope of one.
The findings of this study may have many implications as prediction models are generally based on multi-center data to achieve a larger population for their design and validation. Since we found an interclinic difference in couples' natural conception chances, it is possible that a prediction model might not be applicable in an individual clinic, as the distribution in the event of interest might differ. Although this issue has not been previously addressed in the assessment of natural conception chances, recent studies have shown that inter-clinic differences also play a role in IVF (Lintsen et al., 2010) .
What are the implications for the use of the synthesis model in clinical practice? Overall the model is well calibrated, with only a few clinics whose intercept and slope differ significantly from the ideal model. In clinics who have a negative intercept (differing significantly from zero), the baseline chance of natural conception is lower than estimated by the synthesis model and thus, the synthesis model overestimates the natural conception chance. The intercept can then be updated for clinical use by adjusting the intercept using the mean observed and predicted values or by applying a correction factor (Hunault et al., 2007; Steyerberg, 2009) . Updating the synthesis model to include a centerspecific baseline chance might improve the synthesis model for these clinics. Furthermore, we believe this model can also be used in other settings (i.e. private practice centers in other countries), when neccessary updating the model for use in these local settings. However, the use of the synthesis model must be limited to the same patient group as the original cohort: a minimum of 12 months active wish for children (in the Netherlands only these couples are referred), ovulatory female partner and no tubal pathology or azoospermia.
In conclusion, we found significant inter-clinic differences in natural conception chances for subfertile couples, which remain after adjustment for well-recognized predictors and type of clinic and accounting for sampling variation. These findings may seem counterintuitive, as these couples did not receive active treatment and as such we did not expect differences in outcome between these clinics. Application of the synthesis model for natural conception showed a well calibrated model, apart from a few clinics. include a center-specific baseline chance might improve the synthesis model for those clinics whose intercept differ significantly.
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